J. Jpn. Bot. 

72 : 329-336 ( 1997 ) 


Phylogenetic and Taxonomic Studies on Helonias , 
Ypsilandra and Heloniopsis 
II. Evolution and Geographical Distribution 

Noriyuki TANAKA 

Department of Education, School of Liberal Arts, Teikyo University 
359 Otsuka, Hachioji-shi, Tokyo, 192-03 JAPAN 

(Received on January 24, 1997) 


This paper focuses on the following three evolutionary facets of the Helonias group 
(incl. Helonias, Ypsilandra dead Heloniopsis): (1) process of the phylogenetic differentia¬ 
tion, (2) trends in the floral evolution, and (3) historical aspect of the geographical 
distribution. As regards (1), a phylogram of this plant group is presented based chiefly on 
the morphological data. Both Helonias and Ypsilandra are paraphyletic, while Heloniopsis 
is monophyletic. Heloniopsis is divided tentatively into two subgroups, HP-1 and HP-2. 
In this paper HP-1 is suggested to paraphyletic, while HP-2 monophyletic. The phylogenetic 
evolution is be presumed to have proceeded in the following sequence; Helonias -» 
Ypsilandra -4 HP-1 —> HP-2. Concerning (2), there exists a trend toward the development 
of some specific structures that appear to be suited for pollination by insects foraging for 
nectar. There is also another remarkable trend toward the development of the elongate 
style. As for (3), the most primitive genus, Helonias, is distributed in North America, 
while the two descendant genera ( Ypsilandra and Heloniopsis) are distributed in Asia. 
Considering the evolutionary sequence shown above, it seems likely that in Asia the range 
of the Helonias group has extended from west to east and then to northeast, as the 
phylogenetic evolution proceeded. 


In the preceding papers (Tanaka 1997c, 
1997d), the results of comparisons of various 
characters of the three genera have been re¬ 
ported with some brief remarks on the 
phylogenetic relationships among the species. 
In this paper, further remarks will be made 
regarding the three evolutionary facets of this 
plant group based chiefly on my own observa¬ 
tions (Tanaka 1997a-d). 

As in my previous papers (Tanaka 1997c, 
1997d), the name of each species of the three 
genera is abbreviated here as follows: Helonias 
bullatah. =Bu, Ypsilandra yunnanensisVY .W. 
Smith & J.F. Jeffrey = Y, Y. alpina Wang & 
Tang= A, Y. cavaleriei Levi. & Vaniot = C, Y. 


thibetica Franch. = T, Heloniopsis leucantha 
(Koidz.) Honda = L, H. umbellata Baker = U, 
H. kawanoi (Koidz.) Honda = K, H. orientalis 
(Thunb.) C. Tanaka = O, and H. breviscapa 
Maxim. = Br. 

As C could not qualitatively be distinguished 
from T in any characters (Tanaka 1997c-d), C 
is tentatively treated here as being included in 
T. Consequently, this paper deals with nine 
species in total. For the taxonomic circum¬ 
scription of Br, see Tanaka (1997b). 

In this paper, Heloniopsis is tentatively 
divided into two subgroups; HP-1 and HP-2. 
The former includes L, U and K, while the 
latter includes O and Br. The latter subgroup 
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differs from the former in having the character 
states 7-a and 7-b listed in Table 1. 

A group of plants belonging to the three 
genera is called here the “Helonias group”. 

Materials on which this paper is based are 
the same as those described in my previous 
papers (Tanaka 1997a, 1997b). For determin¬ 
ing the geographical ranges of the species, I 
examined many herbarium specimens (Tanaka 
1997a, 1997b) as well as much literature 
(Miyabe and Kudo 1932, Chong 1957, Hara et 
al. 1978, Utech 1978, Chen 1980, Yang 1991, 
Noltie 1994, etc.). 

(1) Process of the phylogenetic differentia¬ 
tion 

According to my previous studies (Tanaka 
1997a-d), in many characters the character 
state differs among the species. Among those, 
there are some characters whose evolutionary 
direction (or polarity) can be presumed with¬ 
out much difficulty. For example, in the char¬ 
acters of both the style and the nectary, there 
are different character states among the spe¬ 
cies respectively, and the evolutionary process 
of the development in these characters seems 
fairly traceable (Tanaka 1997c-d). Knowl¬ 
edge obtained from the observations on these 
characters was naturally made much of when 
I attempted to elucidate the process of the 
phylogenetic differentiation of the Helonias 
group. Fig. 1 shows the phylogram of this plant 
group constructed on the basis of the results of 
my own observations (Tanaka 1997a-d). The 
character states adopted for this construction 
of the phylogram are listed in Table 1. As this 
phylogram shows, the phylogenetic evolution 
is presumed to have proceeded from Helonias 
through Ypsilandra to Heloniopsis. Both 
Helonias and Ypsilandra are respectively re¬ 
garded as paraphyletic, while Heloniopsis is 
monophyletic. Heloniopsis is tentatively di¬ 
vided here into two subgroups; HP-1 and HP- 
2, as mentioned earlier. In this case, HPtI is 


paraphyletic, while HP-2 monophyletic. 

It is difficult to specify the sister group of 
the Helonias group, but one of the most likely 
candidates for it seems to be the Chamaelirium- 
Chionographis group. In this paper I tenta¬ 
tively adopted a character state, O-a (cf. Table 
1), as an apomorphy characterizing a common 
ancestral.lineage of both Bu and Y (Fig. 1). 
This adoption is based on the following two 
reasons: 1) This character state is formed by 
adnation between two different floral organs. 
This means that this character state is ‘second¬ 
ary’ in terms of the organizational level com¬ 
pared with the state displaying no such 
adnation. 2) As far as I know, this character 
state is unique among the related genera (e.g., 
Melanthioideae-Helonieae (Krause 1930), to 
which both Chamaelirium and Chionographis 
belong). Needless to say, it is necessary to 
search further for the sister group of this plant 
group. 

The phylogram shown in Fig. 1 is based 
chiefly on the morphological data. Further 
studies including molecular analyses are de¬ 
sirable in order to elucidate the evolutionary 
history of this plant group. 

(2) Trends in the floral evolution 

Below I briefly summarize some of the 
floral characters of the Helonias group and 
describe some evolutionary trends recognized 
there. Most of the data on which the following 
statements are based have been reported in the 
previous papers (Tanaka 1997a-d). 

Fig. 2 shows the diagrams of the floral 
structure of seven species arranged in accord¬ 
ance with the presumed evolutionary sequence 
(cf. Fig. 1). In both Helonias (Fig. 2; Bu) and 
Ypsilandra (Fig. 2; T, A and T ), the base of the 
inner filament is adnate to the base of an ovary, 
while that of the outer filament is not. The base 
of each tepal in the two genera does not form 
any distinct nectary hollow. Anthers are 
extrorse in Helonias, but when fully dehisced 



December 1997 


Journal of Japanese Botany Yol. 72 No. 6 


331 


HA 

YP 

HP 



HP-1 

HP-2 

Bu 

Y A T 

L U K 

0 Br 



Fig. 1. A phylogram of the Helonias group. In the upper part is indicated a classificatory 
division. HA: Helonias , YP: Ypsilandra, HP: Heloniopsis. HP-1 and HP-2 are tentative 
subdivisions of HP (see the text). Codes such as 0-a, 1-a, 1-b, 6-a,... represent character 
states. For information of these codes, see T able 1. Bu, Y,... are abbreviations of the species 
names (see the text). 

Table 1. Character states used for the construction of the phylogram of the Helonias group 
in Fig. 1. Character codes (below left) correspond to those in Fig. 1. For the code 
0-a, see also the text. 


Code 


Character state 


0-a The base of the inner filament becomes adnate to the base of an ovary 

1-a Connation of three styles proceeds 

1-b Width of seeds becomes narrower 

1-c Number of seeds per loculus increases 

1-d Number of flowers per inflorescence decreases 

1- e Longitudinal groove between thecae is lost 

2- a Connation among three styles proceeds 

3- a Connation among three styles proceeds 

4- a Inner filaments become free from an ovary 

4- b Confluent part between thecae becomes narrower and degenerative 

5- a Racemes become more like umbels 

6- a Flowering season shifts (from spring) to summer to autumn 

6-b Inflorescences become bracteate 

6- c Overall size of a plant is reduced 

7- a A tepal and its corresponding filament become adnate to each other at their base 

7- b Neighbouring tepals become connate to each other at the base 

8- a Leaves become thinner 

8-b Nectaries become located in higher position 
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Fig. 2. Diagrams of the floral structure of seven species of the Helonias group, arranged in the 
presumed evolutionary sequence; >A—>T—>t/—>0-^Z?r (cf. Fig. 1). if: inner filament, 

of: outer filament, n: nectar, ns: saccate structure of a nectary formed by adnation between a 
filament and a tepal, pc: primary convex, sc: secondary convex. Arrows indicate the level of the 
bottom of a nectary sac. Anthers depicted are dehisced ones. Secretion of nectar in Y and A has not 
been confirmed yet (cf. Tanaka 1997a, 1997c). The membraneous structure formed by connation 
between neighbouring tepals in O and Br is not depicted. For “pc” and “sc”, see Tanaka (1997b). 


they look to be latrorse. Anthers of Ypsilandra 
are latrorse. Anthers of these two genera are 
unilocular and the confluent part between the¬ 
cae are relatively broad. While, in Heloniopsis 
(Fig. 2; U, O and Br), both the inner and the 
outer filaments are free from an ovary. The 
base of each tepal in L, U and K forms more or 
less a nectary hollow. The same part of each 
tepal in O and Br is adnate to the base of the 
corresponding filament and forms a deeper 
nectary sac. In Br, the nectary is located higher 
in relative position compared with that in the 
other species, and some associated morpho¬ 
logical changes occur intraspecifically in the 
basal part of the flower (Tanaka 1997b). An¬ 
thers are extrorse to subextrorse, but when 


fully dehisced they look to be latrorse. The 
confluent part between thecae is narrower in 
Heloniopsis than that in the two other genera, 
and more or less rudimentary. 

There seems to be the following trend in the 
floral evolution of the Helonias group. In 
Heloniopsis, compared with the two other 
genera, the base of a filament is located closer 
to its corresponding tepal (Fig. 2). In O and Br, 
these two different floral organs become adnate 
to each other at their base and form a deep 
nectary sac, as stated above. Further, due to 
this approximation of the two floral organs, 
the space between the two organs necessarily 
becomes narrower. As a consequence, when 
insects come into this narrow space to suck 



December 1997 


Journal of Japanese Botany Vol. 72 No. 6 


333 


nectar at the bottom, they are likely to get 
smeared with pollen by the anthers located 
near the mouth of the space. The anthers of 
Heloniopsis, which are extrorse to subextrorse 
and narrow at their terminal end, appear to be 
suited for smearing their pollen on the insects 
coming into this narrow space. These observa¬ 
tions suggest that the two floral organs of 
Heloniopsis tend to function as a set. This set 
apparently serves as an apparatus for ensuring 
pollination by insects foraging for nectar 1 \ 
Each flower of Heloniopsis, particularly of O 
and Br, is regarded as comprising 6 such 
unitary apparatus. Contrarily, in the flowers of 
both Helonias and Ypsilandra there is no par¬ 
ticular indication that the two floral organs 
tend to function as a set. From all these obser¬ 
vations, it could be said that in the floral 
evolution of the Helonias group there is a trend 
toward the development of the apparatus (des¬ 
ignated here as SA), and the development of 
this trend is strongly associated with insects 
visiting the flowers for nectar. 

Further, in the flowers of both O and Br, a 
membraneous structure is developed between 
the neighbouring apparatus (tepals) at their 
base (Tanaka 1997b). It is obvious that this 
structure reinforces the base of the apparatus 
structurally by connecting them, and helps to 
prevent the flowers from suffering physical 
damages which might possibly be caused by 
the insects visiting the apparatus for nectar. 
Therefore, the development of this structure 
(designated here as SB) seems also to be 
strongly connected with those insects. 

The relative position of the nectary in Br is 
higher than any other species, as mentioned 
above. The development of this characteristic 
(designated here as SC) must also be deeply 
associated with the insects visiting the appara¬ 
tus for nectar (cf. Tanaka 1997b). 

As far as we see the developments of these 
three floral characteristics (SA, SB and SC), 
the floral evolution in this plant group is said to 


be progressive, and in this meaning, it might 
also be called anagenetic (cf. Fincoln et al. 
1982, for the term anagenetic or anagenesis). 
The pollinator strongly associated with this 
anagenetic floral evolution is apparently the 
insects foraging for nectar, not for pollen, even 
if both forage types of insects may actually 
visit and pollinate the flowers (cf. Takahashi 
1988, for pollinators in O ). 

Meanwhile, the styles of this plant group 
also show the presence of another remarkable 
evolutionary trend (Fig. 2). The columnar part 
of the style is presumed to have elongated in 
the course of evolution (Tanaka 1997c). This 
elongation seems to have helped the stigma to 
receive pollen more effectively from the in¬ 
sects. The development of the elongate style 
may not necessarily be connected only with 
the insects foraging for nectar. 

It is obvious that in the course of evolution 
the flowers of the Helonias group have strength¬ 
ened their ties with the insects foraging for 
nectar, as described above. But, at the same 
time, they also seem to have been keeping 
close contact with the insects foraging for 
‘pollen’ as possible pollinators. In fact, it is 
observed by Takahashi (1988) that both forage 
types of insects actually visit and pollinate the 
flowers of O. 

In the future it is desired to make observa¬ 
tions of the pollinators in the various species of 
this plant group. There is no doubt that these 
observations greatly help our understanding 
of the floral evolution of this plant group. 

(3) Historical aspect of the geographical 
distribution 

The ranges of Helonias and two other gen¬ 
era (Ypsilandra and Heloniopsis ) are widely 
separated geographically. While the former 
has its range in eastern North America (Fig. 3, 
above left), the latter two genera have their 
ranges in eastern Asia (Fig. 3). Currently, it is 
difficult to trace thoroughly the historical proc- 
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Fig. 3. Approximate geographical ranges of nine species of the Helonias group. Scale bars indicate 1,000 
km. A monotypic genus, Helonias ( Bu ), is distributed in North America (see the above left map), while 
Ypsilandra ( Y,A&T) and Heloniopsis (HP-1: L,U Sc K. HP-2: O & lSr) are in Asia. In Asia, the range 
of this plant group is presumed to have extended from west to east and then to northeast, as the 
phylogenetic evolution proceeded (Ypsilandra -4 HP-1 —> HP-2; see also the text and Fig. 1). 


ess of the establishment of this disjunctive 
distribution. But, one possible explanation for 
this disjunctive distribution seems to be as 
follows. According to Tanai (1988), the tem¬ 
perate deciduous broad-leaved forest (the so- 
called Arcto-Tertiary flora) was distributed 
around the Arctic region in mid and late Eocene. 
In response to a cooling climate since the end 
of Eocene, the forest began to extend south¬ 
ward (Tanai 1988). It seems likely that the 
Helonias group also followed the same history 
as this forest. That is, the group once distrib¬ 
uted somewhere in the periphery of the Arctic 
region is presumed to have migrated south¬ 
ward, with the migration of the forest. This 
southward migration seems to have been the 
major cause for such a large scale disjunctive 
distribution of this plant group. Bu distributed 
in N. America is regarded as the most primi¬ 
tive species (among the nine species of the 


Helonias group), while all the other species in 
Asia are regarded as its descendants (cf. Fig. 
1). Therefore, there seems to be a possibility 
that the southward migration of this plant 
group occurred in the very early stage of its 
phylogenetic differentiation. 

In Asia, Ypsilandra (T, A and T) has its 
range west of that of Heloniopsis (L, U, K, O 
and Br) (Fig. 3). One of the two subgroups of 
Heloniopsis, HP-1 (L, U and K ), has its range 
southwest of the range of another subgroup, 
HP-2 ( O and Br). Between the range of 
Ypsilandra and that of HP-1 there is the Tai¬ 
wan Strait, and between the range of HP-1 and 
that of HP-2 the Tokara Strait. Most of the 
areas covered by Heloniopsis are insular. 

Meanwhile, these three groups of plants are 
presumed to have evolved in the following 
sequence; Ypsilandra —> HP-1 —> HP-2 (Fig. 
1). If this presumption is correct, it seems 
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likely that the range of the Helonias group in 
Asia has extended from west to east and then 
to northeast, as the phylogenetic evolution 
proceeded. However, within each range of the 
three groups ( Ypsilandra , HP-1, HP-2), espe¬ 
cially within that of HP-1 and HP-2, some 
irregularity is present concerning the direction 
of the range extension. 

Endnote 

J) In this paper “the insects foraging for nectar” 
does not mean to include all these kinds of 
insects. For instance, the insects which suck 
nectar but do not or scarcely participate in the 
pollination of this plant group are not meant. 
The kinds and the behaviour of the insects 
visiting the flowers of O are reported by 
Takahashi (1988). 
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